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A new method for the determination of glu¬ 
tathione peroxidase activity in erythrocytes was 
developed. The present method was applied to 
the measurement of hydrogen peroxide removal 
rates by glutathione peroxidase in erythrocytes 
at hydrogen peroxide under simulated in 

vivo conditions. The removal rates by glutathione 
peroxidase in mouse erythrocytes were twenty- 
times faster than those in human ones and were 
5,2/«mol/5ec/g of Hb, The removal rates in 
acatalasemic mouse erythrocytes indicate that 
glutathione peroxidase is the main means of 
hydrogen peroxide removal in acatalasemic mouse 
erythrocytes. Based on these results, we con¬ 
cluded that glutathione peroxidase in mouse 
erythrocytes had sufficient ability to remove 
hydrogen peroxide at even relatively high concen¬ 
trations, This may be one of the reasons why 
acatalasemic mice suffer no health problems while 
Japanese acatalasemic patients suffer from Ta- 
kahara disease when infected with hydrogen 
peroxide-generating bacteria. 

Key words: glutathione peroxidase, erythrocyte, hydro¬ 
gen peroxide, acatalasemic mouse, Takahara disease 


T o study dcto5ufiaition of hydrogen penixide by 
erythrocyte.S, w« examinecl hydrogen peroxide 
removal rates in mouse hemoly.satefi and chaj'acterized the 
removal activities by rjiudase (EC 1. 11. 1. 6) and 
hemoglobin in ei'ytliroCylcs (1. 2). Regai'ding glutathione 
peroxidase activity (EC 1.11, 1. 9} in ciythrocytcs, Mara) 
et al. (3) reported that the activity in mouse erythrocytes 
wa.s higher than that in human ones, but another group 
(4) reported lliat the activity was the same a.s that in 
human one.s. Therefore, we chose to examine hydrogen 


peroxide removal rates by glutiithione pem.’ddase in 
. erythrocytes. 

For the measurement of glutathione peroxidase activ¬ 
ity, the Ktandari] method consists of treatment of hemo- 
ly.sales with Drabkin’s reagent to minimize the removal 
activity by henioglobin and a glulalhione pei«xidase assay 
coupled widt glutatliione reduclAse (3-6). However, the 
treatment with Unihlcms reagettt contains tedious stepK, 
and a few of the reagents used in the method are relaiively 
un.stable and expensive. 

In diis study, we developed an ensily accessible 
method for the determination of glutathione peroxidase 
activity in erythrocytes u.sing hydrogen peroxide as a 
substi'ate. We ai)jilie<l it to the measurement of hydrogen 
peroxide removal by glutathione peroxidase in 

erythrocytes under simulated w'lw .i;onriiLion.s in order to 
cstimahi the actual removid ability, of erythrocylGS. 


Materials and Methods 


DEC 2 3 'W 


Mixt^Hats. /»eko-Teiraki5Xl:nTcthyJ-4-pyri5^ 
porphyrin was purchnsep frofen' l.ltijindo I ,abs (K.uinamQt;x 
Japan), and ?Keso-tetrales{l-™thyl-4-pyiidyl)porphin3tr)- 
iroii (III) pentaf.:hl<iricle (FeTMPyPCU) was prepared by 
inserting ii'on into meso-teti'akis(l-methyl-4-pyridyl)por- 
,phyrin (7). Carboxy methyl-cellulose (CM52) was pur¬ 
chased from Whatman (Maidstone, UK). Hydrogen jier- 
oxide and other chemicals were of analytical grade and 
purchased from Wako Pure Chemiials (O-saka, Japan). 
Concentration of hydrogen peroxide was determined 
according to the method yf Nakano and Takaliashi (8).- 
Ilumiin blood sumplcs werc obtained from liealthy 
adult male volunteers (31-49 years old). Male mice (12" 
16 weeks old) of C3H/AnLCs''Cs'’ (normal) and C3II/ 
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Aiil .<!s''Cs^ (nciitalascmia) slrauis witre iised for expcn - 
mttrits. Mice were fetd on a lahoratoi^ diei (MF) or 
seleniiiiri'free dirt (Oriental Yea-si Co., Tokyo, Japan) 
and water ad lihilum, and blood samples were collected. 

General methods. Wnshetl erythrocytes from 
homun and mouse blood were pi-qrared as clcsctribed 
previously (l)i and hci-nolysate was prepared by the 
addition of 9 volmncs of water. Hemoglobin eontents 
were, measured by th«t method of Drabkiti and Austin (9). 
Hydrogen peroxide removal rates by bemuglobin and 
catalase were measured by the previously reported 
method (2). 

Detertnination of glutalhione peroxidase 
activity bjj the standard method. Hydrogen 
peroxide removal rale by hemolysate Was measured at 1.2 
mM hydrogen peroxide in the presence of 1.0 mM jdiitath- 
ione according to die method of Wendcl (5). Tire rate of 
hydrogen peroxide removal by glutathione peroxidase-fiee 
hemoglobin, which was prepai ed by the previously repor¬ 
ted method (2), was measured by replacing hemolysates 
widi glutathione peroxidase-free liemoglobin. Glutathione 
peroxidase iw.tivlty by tlic .stmJard method was calculated 
as the difference between dw two hydi-ogcn peroxide 
removal rates. 

Determination of glutathione peroxidase 
activity hy Ihe present method. One milliliter 
of freshly prepared hemolysates containing Ic-ss than 6 mg 
of hemoglobin was applied to a carboxymelhyl-cc!liilo.se 
column (0-7 x 6 cm) equilibrated with .SmM potassium 
phosphate buffer (pH 6,8). It was then eluted with the 
same buffer. Eluatc between 1.0 and ,3.0 ml was collected. 
The mixtui-e (4.8 ml) consisting of 0.1 1.0 ml of the eluatc, 
0,1 ml of SOmM glutalhinne and pbo-sphate bufftTed saline 
(FHS; MOmM sodium dilorde in 10mM potassium 
phosphate buffer at pH 7.2) containing 1 mM sodium adde 
(a catalase inhibitor) (S) was incubated at 37'C. To tlic 
mixture, 0.2 ml of 3.5 mM hydrogen peroxide was added 
to start the enzymatic reaction. At 0, 2 and 4min, 1.0ml 
of die reaction mixtui'c wiis immediately put into a test 
tube containing 0-2 m! of 100 mM Ar-ctliylmaleimidc 
(N.KM) and was mixeil well to slop the enzymatic reac¬ 
tion. The mixture wa.s diluted lo 2.0 ml with PBS to 
adjust the hycli'ogcn pert)xide content to less than 70//M, 
and 2.0ml of the reagent solution [consisting of 10 
Volumes of 0.2mM bVrMPyPCl-, (A max 402nm, e 
7.6 X 10\ in 1M HCl), 10 volumes of 41.2mM N, 
jV-dimothylaniiine in 0.2 M HCl, 10 volumes of 8,56 mM 
.’I-methyl-2-bensotiiia2tolinonc hydrogen chloride in 0.2 M 


HCl arid 1 volume of 20 mM disodium liDTA] was ' 

added to drtenninc the amount of hydrogen peroxide , 

u.sing formation of ireiaininc dye as an indicator (A max 
590 nm, € - 5.52 X 10*) (1). Tile mixim-e was reacted at 
25’C for 1 h. [Hid the nbsorliancc at .590nm was recoided. I 

J'he rate of .spontaneous reaction of hydrogen peroxide 
witli glutathione wa.s measured by replaeirig the eluate 
with an equal volume of water. Gluudliionc pern.xldasc 
activity was calculated as the difference between the two 
hydrogen peroxide removal rates. 

Measurement of hydrogen peroxide re¬ 
moval rates by glutathione peroxidase in t 

erythrocytes under simulated in vivo enndi- [ 

tiorus by the present method. Glutathione con- I 

tents in packed aTthmeytes were mctisured according to j 

the methed of Beutler ef. al. (10). Then, one milliliter of I 

hemolysate containing less than 6mg of hemoglobin wh.s , 

prepared to measure hydrogen pawide removal rales by | 

glutadiione peroxidase under simulated m vim conditions. . 

Following the present method, hemolysate was applied to > 

a carboxymethyl-oellulose column, and ihe eluatc was 
collected. Hydrogen peroxide removal nite.s by glutath¬ 
ione peroxicti.se in the cluaie at 70;r M hydrogen peroxide 
were measured at titc same' conctniration of glputliione in 1 

packed erythrocytas. The spontaneous reaction rates of P 

hydrogen pei-oxide with glutalhione were measured by 
replacing the eluate with an equal volume of water. ^ 

Hydrogen peroxide removal rate hy glutathione perox¬ 
idase under simulated i/t vim wmditions was calculated as 
the difference between tlic two I'emoval rates, 

I 

i 

Results and Discussion ( 

During the measurement of glutathione peroxidase 
activity in hemolysates by the standard method (5), we 
noticed that hydrogen pero.xide removal rates by mouse 
hemoglobin were not inhibited by treatment with J 
Drabkin’.s reagent (0.27 +: 0.03 >( mol/see/ g Hb) while die I 

removal in human hemoglobin were halted completely by ' 

thi.s treatmunL (6). We improved the standard metliod by 
preparing glutathione i>eroxidasc-free hemoglobin. 

To eliminate dte difficulty caused by hemoglobin anii 
the tedious steps involved in diK tixjatinent with Drabkin’s j 
reagent, we decided to remove hemoglobin iii heiiru>ly- 
sates and then detemijne glutathione peroxida.se acdvily 
hy the hydrogai peroxide determinatioii method using the 
formation of inrlamine dye, since die procedure is simple » 

and tbc reagents u.sed are quite stable (4). 
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'( Elutidn volume { ml) 

ng. I Elution profile of mouse herrolysgfe on a carhonymethyl celluiose oolumn. One niillilitcr of hernolysate prepare^i irofn normal mouae 
erythrocytes was applied to a carbossymetKyl-cGliulase column [0.7 >. 6cm) e<tuiiibrated with 5mM potpasium phosphate buffer (pH 6,8). Tiio 

i column was eluted with 3ml ot fimM ptjtaiiSiutn phosphula buffer and then imi of 1 M potassium phosphate butter. Fash I.Dml at the eluate 

vsas tollected. An arrow indicates tlic start'of elution with I M pota.s.siuin phosphate buffer. CO-(.): Hydroffen peroxide removal activity by 

, catalase and hemoglobin; #: The activity by glutathione peroxidase; A—Hernuglobin contents. 

I 

( 

Passing through the small cnrhoxymethyl-cttllulose ImM glutathione were atmlyied by a Line weaver-Burk 

column (Fig, 1). glulatliionc peroxidafse and eaialase plot Tile Michaelis constant for hydrogf-n peroxide wa-s 

activiiies in htaiiolysaies were eluted between 1.0 and 3.0 2.90 t 0.48/^M {n- 3), whidi was con.ALstent with that 

'( ml, and hemoglobin was eluted bttlween 5.0 .mci 7.0uiL rejnuted by Fluh6 et al- (11), and tlie masimuTn velocity 

I From glutathione peroxidase activity in the eiuate, the was 3.340.33A£inol/sec/E of Mb. Therefore, 140^rM 

recovery of glutaihkmc peroxidase from carboxymethyl- hydrogen peroxide was clin.sen fnr the assay of glutath- 
eellulo.se column was calculated to be 99.0 i. 2.2 ^ (n ~ tone peroxidase activity. 

5). I'o detect only the hydrogen peroxide removal rates To check the accuracy of tliis method, wc measured 
, by glutathione peroxidase in the ehiatc, sodium azide (n glutathione peroxidase activities in mouse hemulysates by 

( catalase inhibitor) was added to the assay mixtuTE. Hear;- tlic shindard mcthrnj and the present method (1 able 1). 

I don by glutathione peroxidase was sUuted by adding When values (x) measured by tltc present method were 

hydrogen peroxide and was stopped by adclutg NKM, comixired with U^ose (y) of the standard method, aregrc.s- 

which removed the glutathione. Due to the presentxi of 1 sion equation of y 0.95 x—0,02 witli a correlation 

mM sodium azide, the formation of indamine dye from coefficient of 0.995 (n — 8, P v 0.001) was produced, 

^ hydrogen peroxide was slightly inhibited (92.1 "* 0.4 % of indicating that the valu&s oLUiiiied by the present method 

the tlicoretlcal amount, n "= 5), but the determination of were in good agreement with those of the standard 

hydrogen peroxide wits not affected (data not shown). melhod. 

To determine the hydrogen peroxide concentration for Average values of glutathione peroxidase activity in 

( the assay of glutliathinne peroxidase activity, the removal human hemolysates calculated by the present metlmd were 

rates by mouse glutatliionc peroxidase in the pre.sencc of 0.16± O.OT^mol/.swf/R of Hb (n = 4). The average 

( 
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Table 1 Comparison of glutathione peroxidase activily in mouse hemolysat&s determined by the standard method and the present method 

> 

.SC 


standard method'■ 

Present method^ 

r 

of 

number*^ 

tumoi/sBc/g of Hb) 

6/mol/'sec/g of Hb) 


pc 

1 

4.35, 4.15. <1.07 

4.70, 4.56, 4.42 


gf 

2 

2.99 , 3.04, 3.09 

2.96, 3.15, 3.44 


dr 

3 

3,84, 3.67, 3.53 

3.72, 3.79, 3,65 

* 

m 

4 

2.80, 2.82, 2.87 

2.87, 3.07, 3.25 


.St= 

5 

2.72, 2 72. 2.53 

2.53. 2.64, 2,72 


SL 

6 

I.Si, i.7S, i,8/ 

1.96, 2.15, 2 24 



7 

0,16, 0.l7, 0,12 

0,16, D.ia, 0.11 



S 

0.17, D.09, O.lfl 

0.18, 0.24, 0.12 


m 

; Samples nurnber 1, 3 and 4 wei'e obtained from mice fed 3 MF diet; 5 and G tram mice fed a ftelunium-free diet far I month; and 7 and 


di 

8 from mice fed a SBlenium'free diet for 12 months. 

tach sarnpie was measured separstely three times. 

and all thrae values were listed. 



/) : Activity was determined using a modification of the s 

landard method (5). The method consisted of treatment uf h<3tno|ysflte& with Drabxin s 



reagent and detection of NACJPH decreaso. Concentrations of hyrirogen peroxide and glutathior»e in the 

assay mixture w<«re 1.2 and LO 




mM, respectively, are described in the Materral$ and Methods. 

: The present method corj 5 i?ts of separation by a carboxyrYiethyl-ccllulosc column and colorimetric detection of hydrojjen peroxide decrease. 
CDncenlrstions of hydrogen peroxide and glutathione in tile assay mixture were 0.14 and I.DmM. respectively. 


values in normal and a<,-iilalasemic mouse hemolysates 
were 3.41 + 0.36 (n — 5) and 3.45 ± 0,54//mol/.set:/g of 
Hb (n — 6), nespectivdy. These value.s in human and 
mouse hemolysates agreed well with those reported by 
Mai'al el al. (3), even though they u.seti teri-butyl bydro- 
peroxido as a substrate, indicating that tliere was a big 
difrcTcnce in gluUuhione peroxidase activity between hu¬ 
man and mouse erytlirocytcs. The values in normal and 
acatalasemic mouse hemolysates indicate that tlic activities 
in botli hcmolysatcs were of a similar level hut were 
different from those reported by Ogata et oi- (4). 

To examine hydrogen peroxide removal ability by 
glutatliione peroxidase in erythrocytes, the present meth¬ 
od was applied to mi>asurcraenL of the i-emoval rates by 
glutathuoiie peroxidase in crythnwyLes al 70p.M. hydi'ogcn 
peroxide under simulated in vivo conditions (Table 2). 
The removal rates by catalase and hemoglobin at 70//M 
hydrogen peroxide are also shown for coniparLson with 
the removal rates by glutathione peroxidase in erythro¬ 
cytes. 

The removal rates in human erythrocytes indicate tliat 
the order of contiibution to detoxification of hydrogen 
peroxide is as follows: catalase .> hemoglobin > glutath¬ 
ione peroxidase. This suggests di/it c/jlalase activity is the 
main means of hydrogen peroxide rtliiovfil in human 
erythrocytes. On tlie other hand, the removal rates by 
caLala-Se in normal mouse aythrocytes were one quarter of 
tlio.se in human ones, and the lemoVal ratc-S by glutalh- 
ioiie peroxida.se in mouse erythriM:yle.s wei'e twenty-time-s 


Table 2 Bates Of hydrogen peroxide removal by catalase, hemn- 
globin and glutathione poroxidase in erythrocytes at VCpM hydrogen 
peroxide under simulated in vivo conditions 

Removal rates of HjO." 

trythrocytes (n)» Lurrol/sec/g of Hb) 


Human (4) 

Catalase 
Hernoglabin 
Glutathione peroxidase 
Normal mouse (6) 
Catalase 
Hemoglobin 
Glutathione peroxidase 
Acatalasemic mouse [6) 
Catalase 
Hemoglobin 
Glutathione peroxidase 


30.0 .* 4,7 
1,11 ±0.13 
[3.?4rO.I3 


7.61 -I- 0.63 
l.SOn, 0.06 
5.19X0.61 

0.77 ± 0.10'’ 
1,50 2:0.15 
5.l7y 0.13 


« : Numbers in parentheses indicate ffie number of subjects, 
h : Rates of hydrogen peroxide remoi/al by catalase and hemoglobin 
were riteasured by the previously reported method (2). Tile rates 
by glutathione peroxidase at the same concentration of glutath¬ 
ione in eryttirocytos were measured by the present method. 
Details arc described in the Materials and Methods. Values 
indicated are mean j. S.p. 

/■ ; The rates were measured at 25 C because of the thermal insta¬ 
bility of residual cstal@-se (2). 


faster than those m hpman ones, incticating that tlic 
cenioval ability by glutathione pcroxidiwe in mouse eryth¬ 
rocytes was suhstantiaL I'he rcimoval rates in acataJs- 
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seinic mouse erythrocytes {'I’able 2) indicate tliat the order 
of contribution to detoxilicaLion is as follows; gluLathioiie 
peroxidase -/■ [leinoglabin residual r;ata.lasc. ThLs sug¬ 
gests tliat glutatliione peroxidase activity is tile main 
activity of hydrogen peroxide rt-moval in acatalasemic 
mouse erythrocytes. As the I'cmoval rates by acatala- 
semic ciythrncytcs at 70^M hydi'ogen peroxide wei'c 
substantial (1), wo deducted that glutatliione pc.roxida.se in 
mouse erythrocytes had sufficient aliility to remove hydi'o- 
gen peroxide at even, relalively high mncenti'aLi(in.s. Tllis 
might he one of the reasons why acataLisemic mice had no 
as.sociated health pi-oblcnis while Japanese patients with 
acaulascniia would .suffca' from Takahara disease when 
infected by hydrogen peroxide-gencratinK bacteria (13). 

Arkrii.iwledgni«i1.s, tliJiuk. Prafi>iksor K, Takftt*! ;inil L^r. H, 

Waftijf n^l'nirLmcnt of PuJjlic Olcaj’^amri LinivtTiiitv Schoftl. 

for Ihcir gifw of nonrial #ixn.| aifiitalast^niic mic«. 
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